Immune and oxidative parameters were evaluated as indicators of the influence of stress on the occurrence of respiratory syndrome in feedlot calves. The study was carried out on 60 2 and a half-month-old Simmentaler calves transported at feedlot. Mean daily feed consumption, daily weight gain, and behavioural activity were evaluated. Blood was collected on days 1, 3, 7, 14, 21, and 28 of feedlot. Serum NO ions, lipid peroxidation, acute phase proteins, IgG, and IgM were determined. The calves showed a decrease in feed consumption during the first 7 d of the feedlot. Sporadic stereotypies were noted. NO concentration showed a significant (P < 0.05) increase on days 7 and 14. Concentration of thiobarbituric acid reactive substances (TBARS) increased (P < 0.05) on days 1 and 3. IgM concentration was found to be considerably lower on days 14 and 28. Serum haptoglobin level showed a significant increase in stressed calves on days 1, 3, 7, and 14 of the feedlot. Based on these results, it can be suggested that stressors associated with transport and adaptation to the feedlot induce a stress reaction in calves, resulting in behavioural disorders, reduced weight gain, suppression of the humoral immunity and increased morbidity during the first weeks. These parameters seem to be crucial in evaluating the animals' health and welfare.
Introduction
Transport and adaptation to new environmental conditions are major factors affecting the welfare of feedlot calves. The main health problem in the first weeks in the feedlot is bovine respiratory disease complex (BRDC). This syndrome is associated with the diverse systems of feedlot cattle production throughout the world. Increased morbidity, reduced weight gain, decreased feed utilisation, and the high costs of prevention and treatment constitute a serious economic problem in this sector of animal production. The morbidity rate in calves is the highest during the first 45 d after transport and placement at the feedlot, ranging from 65% to 80%, with peaks in the second and third week (5) . The etiopathogenesis of BRDC includes synergistic interactions between viral-bacterial infectious agents, environmental stress factors, and the animals' immune system. Among the aetiological agents, which play a significant role in BRDC development are: herpesvirus types 1 and 4 (BHV-1, 4), bovine viral diarrhoea virus (BVD), parainfluenza 3 virus (PI-3), bovine respiratory syncytial virus (BRSV), adenoviruses (1, 4, 6, 16) , and by the Mannheimia haemolytica, Pasteurella multocida, Histophilus somni, Klebsiella pneumoniae, as well as Mycoplasma bovis (7) .
Transport and adaptation to new environmental conditions are among the most important stressinducing factors causing the disease. The emotional and physiological changes in cattle that occur as a result of the stress reaction are directly correlated with transport, which is a strong exogenous stress factor inducing changes in homeostasis (10) . Stress also affects the humoral immunity, resulting in an increase or decrease in the level of IgA, IgG, and IgM, or increased concentration of acute phase proteins. Transport of cattle over various distances also results in increased sensitivity of leukocytes to the cytotoxic effect of M. haemolytica leukotoxin (Lkt), the main aetiological agent of respiratory syndrome (14, 19) . The stress also causes disturbances in the concentration of reactive oxygen species (ROS). Some authors (2, 20) suggest that the oxidative/antioxidative status in calves that have been transported and placed in a feedlot is correlated with increased morbidity during the first weeks in the feedlot.
The aim of the present study was to evaluate the influence of transport and adaptation stress on the immune and oxidative status of calves. Estimated parameters were evaluated as indicators of the influence of stress on the occurrence of respiratory syndrome in feedlot calves.
Material and Methods
Animals and treatment. The study was conducted on sixty 2 and a half month-old Simmentaler bull calves taken from different breeding systems and transported (distance of about 120 km) to a feedlot farm. Control (n=20) group consisted of calves from the same farm kept in separate space, which were not transported. All experimental calves were weaned in the fourth week after birth, and after the next two weeks they were dewormed. After their arrival, they were kept in stalls on litter, 10 animals per stall, according to Council Directive 2008/119/EC of 18 December 2008 (3). The calves were not vaccinated against any infectious agents causing respiratory disease. On the first day of feedlot (at the time of arrival) the calves did not show any clinical signs of infection (cough, nasal discharge, dyspnoea, or rectal temperature >40 C).
The calves were fed high-protein and high-energy feed, supplemented with minerals, which they received three times a day (2.7 Mcal of total energy/kg, 15.4% crude protein/kg of dry matter, and hay ad libitum), and had unlimited access to water. Total feed content per day for one calf was 4 kg (18) . Mean daily feed consumption, mean daily weight gain, and behavioural activity (feed intake, stereotypies) were evaluated. The calves were observed for 2 h after each feeding. Calves in which clinical sings of respiratory disease were noted during the feedlot were treated with 15 mL/100 kg of florphenicol with flunixin (Vetaflunix®, Vet-AGRO, Poland). Necropsy was performed on the calves, which died. Blood was collected from the external jugular vein into EDTA tubes on days 1, 3, 7, 14, 21, and 28 after placement at the feedlot. Sera were obtained from the blood into 10 mL vacuum tubes without anticoagulant. They were stored at -20 C until testing. The experiment was conducted in accordance with the guidelines of the Local Ethics Committee.
Serum concentration of NO ions was determined using Griess reagent. Lipid peroxidation was determined by evaluating TBARS (thiobarbituric acid reactive substances). Concentrations of IgG and IgM were determined using ELISA Kit (Cusabio Biotech Co., USA).
Evaluation of NO concentrations. The procedure was performed according to the manufacturer's recommendations (POCH-TEST S.A., Poland). Twenty-five microliters of each serum sample was mixed with 250 µL of Griess reagent and incubated for 15 min at room temperature in the dark. Absorbance was read with a spectrophotometer (BIO-RAD, SmartSpec™ PLUS, Germany) at 538 nm. The result was expressed as NO content in mM/L.
Determination of lipid peroxidation. Intensity of lipid peroxidation was evaluated based on the concentration of thiobarbituric acid reactive substances (TBARS) according to Ledwożyw et al. (11) . For this purpose, 2.5 mL of 20% TCA (trichloroacetic acid) in 0.6 M HCl was added to each 0.5 mL volume of serum and the samples were shaken and incubated for 10 min at room temperature. Afterwards, 1.5 mL of 0.67% TBA (thiobarbituric acid) in 1M NaOH was added and the samples were incubated for 20 min in boiling water. After cooling, 4 mL of n-butanol (POCH S.A., Poland) was added and the samples were shaken for 3 min and centrifuged for 10 min at 4500 × g. Absorbance of the n-butanol layer was measured in a spectrophotometer (BIO-RAD, SmartSpec™ PLUS, Germany) at 532 nm. The concentration of TBARS in µmol/g protein was expressed as protein content (g/L). Total serum concentration of protein was determined using Bradford's reagent according to the producer's instruction (Sigma, Germany).
Determination of immunoglobulin G and M concentrations. Serum concentrations of IgM and IgG were determined using ELISA kits (Cusabio Biotech Co., USA), according to the manufacturer's recommendations. For this purpose, 50 µL of standard or tested samples, diluted 1:500, were dispensed into the wells of a 96-well polyvinyl plate. Then, 50 µL of horseradish-peroxidase-conjugated IgM or IgG antibodies, diluted 1:100, were added to each well. The plate was gently agitated for 60 s and incubated for 40 min at 37 C with 5% CO 2 . It was then washed five times in 200 µL of wash buffer, and after adding 90 µL of TMB substrate, the plate was incubated again for 20 min at 37ºC with 5% CO 2 . Then, 50 µL of stopping solution was added to each well. Absorbance was read with a microplate reader (BioRad MODEL 680, Germany) at 450 nm, within 15 min after incubation was completed.
Determination of concentrations of haptoglobin (Hp) and amyloid A (SAA). Serum concentrations of Hp and SAA on different days of the feedlot were determined using a commercial EIA, (Tridelta Dev Ltd., Ireland). Procedures for the assays were carried out according to the manufacturer's recommendations. The absorbance values obtained were read with a microplate reader (BioRad, Germany) using filters with wavelengths of 630 nm for Hp and 450 and 630 nm for SAA.
Statistical analysis. The results were analysed statistically using Statistica 10.0. Statistically significant differences in particular parameters between the control group and transported animals were determined using one-way ANOVA. All animals were compared on each day of the experiment using the repeated measures of ANOVA test. The correlation between lipid peroxidation and NO ions concentrations was presented using Pearson's correlation coefficient. The correlation between behavioural activity, i.e. feed intake, and mean weight gain, was determined using Pearson's test.
Results
Evaluation of the calves' behaviour showed that feed intake in the experimental group was about 1/3 lower during the first days of the feedlot than during the remaining days of the experiment. Reduced feed intake resulted in a reduction of mean daily weight gain on the first few days compared to the remaining days of the experiment (Table 1 ). In addition, the average feed intake in the stressed calves was significantly lower (P ≤ 0.05) than in the control group on the first, third, and 14 th day of the feedlot. Moreover, ≤ six calves in each stall were consuming the feed during the first hour after feed administration during the first week in the feedlot. In the second week of feeding, activity associated with feed uptake immediately after administration was observed in all calves. The average daily weight gain in all stressed calves was similar to that in the control; only on days 21 and 28 the average daily weight gain in the control group was significantly higher (P ≤ 0.05) than in the transported calves.
The correlation between total feed consumption and mean weight gain during the first four weeks in the feedlot was found to be high, with a correlation coefficient of r = 0.7 (Fig. 1) . However, no significant correlation was found between mean daily weight gain and the amount of feed consumed by the calves on particular days of feedlot; the correlation coefficients were r < 0.2 (Table 2) .
Abnormal behaviour in transported calves, taking the form of ear sucking, was observed in four animals. In nine experimental animals, symptoms of respiratory disease (nasal discharge, cough, dyspnoea, rectal temperature above 40.5 C) were noted, which in the case of one calf led to its death. The necropsy confirmed the macroscopic changes in respiratory tract.
Serum content of NO ions in transported calves was significantly (P < 0.05) higher on days 7 (6.2 mM/L) and 4 (17.82 mM/L) of the experiment when compared with the controls and other days of the experiment. On days 21 and 28, the NO level showed a downward trend (Table 1) .
Serum total protein content revealed the lowest values on days 1 and 3. The highest total protein concentration (66 g/L) was observed on days 21 and 28. There were no significant differences in protein concentration between the transported calves and the control group (Table 1) . Evaluation of oxidative stress parameters based on TBARS concentration showed the highest values on days 1 and 3; these values were statistically significant (P < 0.05) in comparison with the control and other days of the experiment. A gradual decrease in TBARS was observed on the remaining days ( Table 1) .
Analysis of correlation coefficients between TBARS and NO ions on particular days showed a significant positive correlation on days 1, 3, 7, and 28; the value of correlation coefficients was r > 0.5. On days 14 and 21, the correlation coefficients had negative values (Table 2) . IgM concentration was found to be considerably lower on all days of the experiment in comparison to the control. IgM concentration was considerably higher on days 21 and 28. The values were not significant compared to other days of the experiment (Table 1) . There were also no significant differences in IgM concentration between transported and control calves. The concentration of IgG was low during the experiment. Only on day 14, a slight increase in its concentration was observed, with no statistically significant differences in comparison to the control, followed by a gradual decrease, which was maintained until the end of the experiment.
Serum Hp level showed a significant increase in the stressed calves on days 1, 3, 7, and 14 of the feedlot. These differences were significant (P < 0.05) in comparison with the control. The average values for SAA concentration, despite the differences in absolute magnitudes, showed no significant differences in comparison with the control (Table 1 ).
The correlation coefficients between TBARS and Hp levels on particular days showed a strong, positive correlation on days 1, 3, and 7; the correlation coefficient was r > 0.5. On day 14, the correlation coefficient had negative value r = -0.2. On days 21 and 28, the correlation coefficients had values of r > 0.3. A strong positive correlation was also observed between Hp level and susceptibility of the calves to respiratory infection, the correlation coefficient was r 0.58 (P < 0.05) ( Table 2) .
Discussion
Stress connected with transport and placement in the feedlot induces an intense reaction in calves, which results in behavioural disorders reduced weight gain, suppression of the immune response, and increased incidence of respiratory syndrome during the first weeks in the feedlot. The behavioural disorders result from environmental stress factors affecting the animals and their welfare (9, 15) . The low feed intake observed in the present study during the first three days in the feedlot and the weight gain (0.3 kg) during the first week may confirm that environmental stress factors are associated with transport and adaptation to new conditions.
The present study demonstrated the substantial effect of transport and adaptation of calves into a new environment on the homeostasis of metabolic processes. This was evidenced by significant (P < 0.05) changes in the oxidative status of the animals, expressed as an increase in lipid peroxidation and the rate of NO ions release, as well as an increase in total protein level on particular days. The dynamics of the intensity of lipid peroxidation was similar to results obtained by other research groups, who evaluated the effect of stress on TBARS level in blood plasma in other animal species (8, 13) . The significant changes observed in the present study in TBARS concentration indicate an oxidative stress reaction as a consequence of transport stress and adaptation to the feedlot. The results obtained confirm the negative effect of stress on oxidation, which was also demonstrated in previous studies (2, 20) . The high correlation coefficient observed in this experiment between TBARS and NO concentrations, above r ≥ 0.5 on days 1, 3, 7, and 28, indicate that these tests can be used interchangeably to evaluate the intensity of oxidative stress in calves.
The low protein level observed in highly stressed calves indicates metabolic changes in the animals during the first week in the feedlot. Analysis of the total protein level also makes it possible to evaluate the intensity of the stress reaction as a negative consequence of the effects of the external environment on the organism (12, 17) . Transport of calves and adaptation to new environmental conditions in the feedlot have a modulating effect on humoral mechanisms of the immune response. Analysis of the immunoglobulin concentration in the calves showed slight changes during the experiment. A decrease in IgM concentration observed on different days of the experiment may suggest the suppression of humoral immune mechanisms in calves following transport and arrival at the feedlot. This reaction may result from the immunosuppressive effect of glucocorticosteroids (20, 21, 22) .
Determination of the concentration of acute phase proteins in calf serum revealed a significant increase (P < 0.05) in Hp level after transport and during the first two weeks in the feedlot. These results indicate significant changes in the calves, which make them more prone to respiratory disease. According to Orro et al. (14) , there is a strong correlation between increased Hp concentration after transport and arrival at the feedlot and an increase in cases of BRDC. The haptoglobin concentration during the first week of feedlot is often used as a critical indicator of respiratory diseases development. Therefore, a high correlation between TBARS and Hp level observed in this study, above r ≥ 0.5 on days 1, 3, and 7, indicate that these tests can be used interchangeably to evaluate the susceptibility of the calves to respiratory diseases during the first days of feedlot.
In conclusion, it can be assumed that transport and adaptation to the feedlot induce stress in calves, resulting in behavioural disorders, reduced weight gain, suppression of the humoral immunity, and increased morbidity due to BRDC during the first weeks in the feedlot. These parameters seem to be crucial in evaluating the animals' health and welfare. Furthermore, the estimation of TBARS and Hp concentrations can be used as indicators of susceptibility of the calves to respiratory infections. The high correlation between TBARS and NO ions allows using this assay to assess oxidative stress in calves.
